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HYPOXIA REDUCES REPRODUCTIVE SUSCEPTIBILITY OF PLUM CURCULIO
(COLEOPTERA: CURCULIONIDAE) TO IONIZING RADIATION

GUY J. HALLMAN
Subtropical Agricultural Research Center, USDA-ARS, 2413 E. Highway 83, Weslaco, TX 78596

Ionizing irradiation is used in Florida and Ha-
waii to disinfest several fruits and sweetpotatoes
of fruit flies (Diptera: Tephritidae) or other insects
(Hallman 2004a). Importation of fruit irradiated
against 11 fruit fly species and the mango seed
weevil, Cryptorhynchus mangiferae (F.) (Coleop-
tera: Curculionidae), has been approved (APHIS
2002). The treatment shows promise for wide-
spread implementation, as it is safe, broadly effica-
cious, accepted by consumers, cost-effective, may
be applied after packing, and widely tolerated by
fresh agricultural commodities (Hallman 2002).

A large body of research has determined mini-
mum absorbed doses of ionizing radiation to pre-
vent development or reproduction for many differ-
ent species of arthropods <http://www-infocris.
iaea.org/ididas/start.htm>. Some of this research
has shown that hypoxia can reduce some of the
detrimental effects of irradiation to insects used
in sterile release programs. The effect of hypoxia
on irradiation disinfestation treatment efficacy
has not been studied until recently, although
some agricultural commodities are stored under
hypoxic conditions, a strategy that is increasing in
application. Hallman (2004a) found that while no
oriental fruit moth, Grapholita molesta (Busck)
(Lepidoptera: Tortricidae), fifth instars developed
to the adult stage when irradiated at 200 Gy in
ambient atmosphere, 5.3% of those irradiated in
hypoxic atmospheres developed to the adult.
Hypoxia caused a small increase in the ability of
apple maggot, Rhagoletis pomonella (Walsh)
(Diptera: Tephritidae), third instars to emerge as
adults after irradiation (Hallman 2004Db).

Plum curculio, Conotrachelus nenuphar
(Herbst) (Coleoptera: Curculionidae), is native to
the eastern Neartic and is a quarantine pest of
stone and pome fruits exported from the United
States and Canada. Hallman (2003) determined
that a minimum absorbed dose of 92 Gy (the max-
imum recorded dose when 80 Gy was sought) pre-
vented reproduction of adults, the most radiotol-
erant stage of the insect. The objective of this re-
search was to determine the effect of hypoxia on
reproduction of the plum curculio.

Plum curculios originally collected near
Gainesville, Florida, were obtained from a colony
at the United States Department of Agriculture,
Agricultural Research Service facility in Byron,
Georgia. The insects were reared at about 25EC,
70% RH, 12: 12h (L: D), on immature apples that
were picked when about 3 cm in diameter. Larvae
emerging from the apples were placed on steril-
ized potting soil until adult emergence.

A radiation source of "Cs (Husman Model
521A, Isomedix, Inc., Whippany, NdJ) that deliv-
ered a gamma ray dose rate of about 40 Gy-min™
was used in this research. Routine dosimetry was
done with radiochromic film (Gafchromic MD-55,
ISP Technologies, Inc., Wayne, NJ) and read with
a spectrophotometer at 510 nm (Milton Roy Spec-
tronic 401, Ivyland, PA).

Adult plum curculios were irradiated in ambi-
ent atmospheres and in atmospheres of mostly
nitrogen. Cylinders (polyvinyl chloride, 37.5 cm
inside length, 10 cm inside diameter) fitted on one
end with a screw cap sealed with vacuum grease
and on the other end with 2 brass, barbed-nipple
compression hose fittings (25 mm long, 4-mm in-
side diameter) were constructed. Two-week-old
plum curculio adults were placed inside the cylin-
der with a few immature apples, and the atmo-
sphere was purged through the hose fittings with
nitrogen at a pressure of about 3 kPa for 2 min-
utes 20, 16, and 2 h before irradiation with an ab-
sorbed dose of 40 Gy. After purging, the hose fit-
tings were sealed with rubber septa and the cyl-
inders held at about 24°C. About 1.5 h after irra-
diation, the cylinders were opened to return the
insects to ambient atmosphere. There were 6 rep-
licates of 300-600 each for adults irradiated in
ambient or hypoxic atmospheres. Controls con-
sisted of 6 replicates of 30-100 insects each in a
cylinder under ambient atmosphere that were not
irradiated.

After irradiation, adults were maintained on
immature apples at about 25°C, and mortality
was determined every week. The apples were re-
placed every week and maintained at 25°C for
development of any immatures inside. Larvae
emerging from apples were collected every 1-3
days and placed on potting soil for pupation and
adult emergence. After larvae were no longer
emerging, the apples were opened and any re-
maining insects collected. Analyses of variance
were done with Prism 4 (www.graphpad.com).

The mortality rate for the irradiated plum cur-
culios was greater than that for the control until
15 weeks after irradiation when the rate for the
control accelerated (Fig. 1). There was no signifi-
cant difference among the treatments for time to
reach 95% mortality (overall mean = 27.4 + 2.6
weeks, F' = 1.56, P = 0.26, df: 2,15).

Reproduction under irradiation and hypoxia
was increased by over 20-fold compared with irra-
diation in ambient atmosphere (Table 1). Repro-
duction was greater than the 34.4 Gy for 4th in-
stars per female reported by Hallman (2003) for
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Fig. 1. Mortality rate for control and irradiated (40
Gy) plum curculios.

the control, but similar to that reported for 40 Gy
under ambient atmosphere (0.31). Although few
4th instars were produced with irradiation under
ambient conditions, significantly more of these
became adults compared with the control and ir-
radiation under hypoxia. Adults irradiated under
ambient conditions did not live significantly less
time than control or adults irradiated under hy-
poxia, but their reproductive period was shorter
and peaked earlier.

Previous studies on the effect of hypoxia on ir-
radiation phytosanitary treatment efficacy con-
cluded that, although an effect could be observed,
it did not necessarily threaten the ability of the
treatment to prevent an infestation. Although
5.8% of irradiated (200 Gy) oriental fruit moth 5th
instars developed to adults, they all died within
10 days of emergence without ovipositing, while
non-irradiated controls lived up to 28 days and laid
abundant eggs that hatched (Hallman 2004a).
Even though apple maggots irradiated as 3rd in-
stars in apples subject to hypoxia had an esti-
mated increase in the dose required to prevent
adult emergence of 17% compared with those irra-
diated in ambient atmosphere, no adults emerged
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in large-scale testing (Hallman 2004b). In both of
these cases the measure of efficacy was preven-
tion of adult emergence, which allows for a
greater margin of error than a treatment against
adults where prevention of successful reproduc-
tion is the only viable efficacy standard. In a treat-
ment designed to prevent adult emergence, even
if some adults emerge, as long as they will not suc-
cessfully reproduce, establishment of the pest in a
new area is prevented. But in a pest where adults
may be present, such as plum curculio, any failure
in prevention of reproduction means that some in-
dividuals would be capable of a new infestation.

The difference in reproductive success be-
tween plum curculios irradiated under hypoxia
and ambient atmosphere is approximately of the
same order of magnitude as the difference be-
tween 20 and 40 Gy under ambient conditions
(Hallman 2003). This may give a rough indication
that hosts of plum curculio irradiated under low
oxygen storage might require twice the dose as
under ambient conditions, or about 180 Gy to pre-
vent reproduction. This dose would need to be
confirmed by large-scale testing before it could be
used as a phytosanitary treatment. Until that is
done, irradiation against plum curculio should
not be used for fruits under low oxygen storage.
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SUMMARY

Adult plum curculios irradiated in a hypoxic
atmosphere accomplished by flushing a cylinder
with nitrogen gas were more tolerant of ionizing
radiation than plum curculios irradiated in ambi-
ent atmosphere. Some hosts of plum curculio,

TABLE 1. REPRODUCTION OF PLUM CURCULIO IRRADIATED WITH 40 GY IN HYPOXIC AND AMBIENT ATMOSPHERES."

Mean 4th instars/ Final
4th instars Week of peak  female during contiguous
Mean 4th developing reproduction week of peak  Final week of week of

Treatment instars/female  to adult (%) postirradiation reproduction reproduction  reproduction
Control 89.8+10.1a 425+19b 4.8+0.79 a 184+36a 243+31a 17.3+0.67a
Hypoxia 59x091b 40.0+3.7b 58x11a 1.9+0.30b 288+25a 175+x14a
Ambient 027+0.12¢c 64.7+29a 1.5+0.34b 0.18 £0.08 ¢ 88+1.5b 2.8+0.48Db
—Results of statistical analyses (degrees of freedom for all are 2, 15):
F value 72.4 25.9 6.8 25.1 17.6 102
P value 0.0001 0.0001 0.014 0.0001 0.0005 0.0001

“Means followed by the same letter are not significantly different, Tukey’s, 95% confidence.
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such as apples, are stored under hypoxia. An irra-
diation quarantine treatment against plum cur-
culio for apples stored in hypoxia would probably
need to be greater than the 92 Gy determined to
be efficacious in ambient atmosphere.
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